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An increasing interest in geographical indication of origin has emerged to achieve legal
protection of specialty coffee in international market. Civet coffee which is considered as the
most expensive and best specialty coffee in the world, is one of the important indigenous
export products of the Philippines. Thus, geographical origin differentiation of Philippine
civet coffee and their control coffee beans (not eaten by civet) using electronic nose (E-nose)
was performed. The E-nose instrument was based on six semiconductor metal oxide (SMO)
sensor array. Results showed that the sensors exhibited different responses towards civet
coffees and non-civet (control) coffees of different provenance. Principal component analysis
(PCA) and Heirarchical cluster analysis (HCA) demonstrated a clearly separated civet
coffees from their control beans. The cluster separation among civet coffee samples indicated
that geographic origins dictate the aroma and flavor variations in coffee. This remarkable
performance of E-nose provides proof that it is an excellent tool for authentication of the
provenance of civet coffee and non-civet coffee samples.
Keywords: civet coffee, electronic nose, geographic origin, Principal Component Analysis,
Hierarchical Cluster Analysis
INTRODUCTION
Civet coffee ranks as the top most expensive
specialty coffee in the world due to its unique
taste and aroma [1]. Its limited annual
production and unusual process also dictate its
high price in the international market. Civet coffee
is made from the beans of coffee cherries, which
have been eaten  by the Asian palm civet
(Paradoxurus hermaphroditus) and passed
through its digestive tract. Civets naturally
select and consume the ripest and sweetest
coffee cherries, and excrete the undigested inner
beans. The passage of the beans through the
digestive tract of civet adds flavor to the coffee
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by breaking down the proteins that gives coffee
its bitter taste [2].
Civet coffee is produced in only few countries
including the Philippines. It has been recognized
as one of the important indigenous export
products of the country. Philippine civet coffee
is derived mainly from the beans of Arabica and
Robusta coffee trees found in the forests where
the civet cat thrives, particularly those as in the
mountains of the Cordillera region, Batangas,
Davao, and Cotabato.
A growing interest in geographical indication
of origin has emerged in the recent years in
the specialty coffee market. Single-origin
coffee has been recognized to exhibit distinct
taste profiles that are determined by the unique
microclimate and soil conditions where the
coffee was grown [3]. The country and the
region of origin have been shown to determine
the prices paid by importers and roasters [4].
A need has been realized for reliable methods
for the discrimination and authentication of
geographic origin of coffee. Analytical
methods based on gas chromatography-mass
spectrometry (GC-MS) [5, 6], inductively
coupled plasma atomic emission spectroscopy
(ICP-AES), inductively coupled plasma mass
spectroscopy (ICP-MS) [7–9], and isotope
ratio mass spectrometry (IRMS) [10] have
provided unique chemical signatures which are
useful for the differentiation of  coffee from
different geographical origins. These methods
are highly developed and used by legal
authorities. However, they do not measure
properties related to the perceived quality of
coffee. A coffee origin signature in its volatile
profile would have a direct link to the sensory
attributes related to aroma which is significant
for the acceptance of coffee.
This paper describes the differentiation of civet
coffee from different geographical regions of
the Philippines using an electronic nose. It also
reports the capability of the e-nose to
discriminate civet coffee and the coffee from
which it was derived. The electronic nose
instrument was based on a thin film
semiconductor metal oxide (SMO) sensor
array. The thin film SMO sensors offer several
advantages such as good sensitivity towards a
large spectrum of analytes, high stability, good
reproducibility, and easy scaling up to industrial
level [11]. The electronic nose has been
previously employed for coffee quality
assessment [12–13], classification and
discrimination of different types, brands and
blends of coffee [14–17]. To our knowledge,
no report has yet been presented on the
application of the electronic nose for
geographic origin discrimination.
EXPERIMENTAL
Coffee samples. The roasted civet coffee and
their corresponding control beans (not eaten
by civet) were taken from different places in
the Philippines. Arabica and Robusta are the
civet varieties used in the experiment. The
Robusta civet and control coffee beans were
taken from the northern part of the Philippines
(Kalinga Province and Asipulo, Ifugao
Figure 1. Map of the Philippines, showing the site of the
geographic origin of the coffee samples.
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Province) while Arabica coffees were procured
from the southern part (Matutum, South
Cotabato) and the northern part (Cordillera,
Mountain Province) of the country. A map of
the Philippines indicating the sites of the
geographic origin of the coffee samples is
shown in Fig. 1.
Electronic nose measurement. The electronic
nose used in the study was the Electronic
Olfactory System, EOS
835
 (SACMI IMOLA
scarl, Italy). It is composed of a pneumatic
assembly for dynamic sampling, a thermally
controlled sensor chamber housing an array of
gas sensors, and an electronic system for
controlling the sensor heating temperature and
measuring the sensor response (Fig. 2). The
sensor array consisted of six metal oxide
semiconductor thin-film sensors whose
resistance is affected by the presence of vapors
(Table 1). The instrument is interfaced to a
computer with a Nose Pattern Editor software
(Sacmi Imola scarl, Italy) for data acquisition
and statistical data evaluation.
About 3 g of roasted coffee beans were placed
in a 20 mL airtight sealed glass vial. Headspace
generation was held at 40°C for 10 min with
1 min shaking. Then, headspace volume of
2 mL was extracted and injected into the carrier
line. The injection temperature was 50°C with
injection speed of 4 mL/min.
Measurements were performed by static
headspace using an automated sampling unit
provided by a 40 loading position carousel. The
measurement cycle consisted of the run for
each of the 36 different coffee samples and
four calibration samples. The calibration
sample was standard solvent (n-butanol, Sigma-
Aldrich) and measurements on it were evenly
positioned and alternately analyzed with real
coffee samples in order to evaluate and correct
possible measurement drifts. The civet coffee
beans were analyzed together with their control
coffee beans.
Statistical analysis. Principal component
analysis (PCA) and cluster analysis were
performed using Statistica version 8.0 software
(Stat 180 Soft Inc., Tulsa, USA) and  Microsoft
Excel™ statistiXL, Version 1.6 (statistiXL,
Broadway – Nedlands, Western Australia).
RESULTS AND DISCUSSION
E-nose response to coffee samples. The MOS
sensors in the E-nose responded immediately
at different extents to civet coffee samples.
Most of the sensors attained a steady-state
response within 300 s. The sensor responses
exhibited good repeatability and reversibility,Figure 2. Electronic Olfactory System 835 (E-nose)
Table 1. Sensor array configuration 
No. 
Sensing 
Layer 
Catalyst 
Operating T 
(°C) 
1 SnO2-RGTO
a Au 400–500 
2 SnO2-RGTO
a Ag 400–500 
3 SnO2-RGTO
a Mo 400–500 
4 WO3
b None 250–350 
5 SnO2- RGTO
a None 350–500 
6 SnO2-In2O
c None 400–500 
aTin Oxide-Rheotaxial Growth and Thermal 
Oxidation technique; bTungsten Oxide; cTin-
Indium Oxide 
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the relative standard deviation (RSD) obtained
for the sensors response ranging from 0.14 to
6.93. Also, the sensor array displayed a very
good reproducibility in its response toward the
volatile compounds in the headspace of the
coffee samples. Figure 3 presents the response
of the component sensors to the civet coffee
Figure 3. Response magnitude of different sensors to coffee samples (mean, n = 8). (AC-Asipulo Civet, AR-Asipulo
Robusta,  CC-Cordillera Civet, CA-Cordillera Arabica, KC-Kalinga Civet, KR-Kalinga Robusta,  MC-Matutum Civet,
MA-Matutum Arabica)
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Figure 4. E-nose PCA score plot of different civet coffee and non-civet coffee samples.
PC 1: 71.37%
and non-civet coffee samples of different
geographic origin.
Coffee discrimination and classification. The
variation of the sensor responses with the
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Figure 6. PCA plot of 4 sensors for civet and control coffees.
civet coffee samples could not be easily
discerned in Fig. 3. A multivariate analysis has
to be carried out in order to differentiate and
discriminate coffee samples of different
provenance.
A principal component analysis (PCA) was
performed to further present the experimental
results visually and highlight the variations or
similarities in the data. Chemometric techniques
were carried out to reduce the dimensionality of
the data set to two principal components. A
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comprehensive view of the PCA score plot of
the E-nose data obtained from civet coffee and
non-civet coffee samples is illustrated in Fig. 4.
The 2D plot in Fig. 4 shows a strong
discrimination of the coffee samples according
to their geographic origins, both for the civet
coffee and non-civet coffee. The first principal
component (PC1) accounts for 71.37% of the
total variance of 90.11%. The second principal
component (PC2) explains 18.74% of the
variation.
The distances among the samples reflect the
level of distinction. The first component PC1
effectively differentiates the clusters of the
Arabica non-civet coffee samples from
Cordillera and Matutum, and the clusters of the
Robusta non-civet coffee samples from
Kalinga and Asipulo. However, this component
poorly differentiates the civet coffee samples
from different regions. The second principal
component PC2 strongly discriminates the
Arabica civet coffee from Matutum and from
Cordillera, and separates to a small extent the
Robusta civet coffee samples from Kalinga and
Asipulo. This component poorly differentiates
the non-civet coffee from different origins. The
grouping indicates that the headspace vapour,
and therefore the aroma, of each coffee is
region-specific. The distinct data structure of
the individual civet coffee shows that the
passage of the beans through the digestive tract
of civet affects the aroma attributes of coffee
beans.
The loading analysis of the sensor responses
for the coffee samples from different origins
using the first two PCs is presented in Fig. 5.
The weight of the loading for a particular PC
directly reflects the contribution of the sensors
and explains the discrimination among samples.
The sensor with an absolute PC loading value
greater than some acceptable values has a high
contribution to the total response variation of
the sensors and is called a discriminating sensor;
whereas, the sensor with very low loading value
is described as an undesirable sensor. It is shown
Figure 7. Cluster Analysis (Dendrogram) of civet and control coffee beans. (AC-Asipulo Civet, AR-Asipulo Robusta,  CC-
Cordillera Civet, CA-Cordillera Arabica, KC-Kalinga Civet, KR-Kalinga Robusta,  MC-Matutum Civet, MA-Matutum
Arabica)
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that sensors 1, 2, 3, 4, and 6 have a great influence
in the discrimination among samples at PC1.
These sensors accounted for most of the
variance at PC1 plane (71.37%). While sensor 5
contributed a fairly high variance at PC2
indicating that it is mainly responsible for the
discrimination among samples at PC2 plane.
Those sensors that gave a very close PCs
loading values can be grouped as one since they
exhibited equal discrimination impact
(redundancy of variables) like in the case of
sensors 2, 3, and 4 as well as sensors 1 and 6.
The PC loading analysis explicitly explained
that even four sensors are enough to
discriminate one sample from the others. The
clustering using four sensors shown in Fig. 6
improves the separation in two PCs (PC1 and
PC2) from 18.74% to 21.67% at PC1 and 71.37%
to 72.76 % at PC2.
Heirarchical cluster analysis was applied to the
set of sensor responses to determine the
similarity of various coffee groups. The
dendrogram graph (Fig. 7) presents the level
of similarity among samples as depicted by the
distance at which clusters were joined. Based
on this graph, there is great discrimination
between the Arabica civet coffee from
Matutum (MC) and Cordillera (CC), and
between the Robusta civet coffee from Kalinga
(KC) and Asipulo (AC). Likewise, the separation
is very distinct for non-civet coffee from different
origins and different varieties.
CONCLUSION
The geographic origins of the civet coffee and
non-civet coffee samples from different
geographic origins could be differentiated
through responses of the component sensors
in the electronic nose. The sensor responses
also discriminate civet coffee and non-civet
coffee. The variation of the sensor responses is
associated with the composition of the vapor in
the headspace of the coffee bean samples. The
results show that the electronic nose is an
excellent tool for the authentication of the
provenance of civet coffee and non-civet
coffee samples.
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